Forensic and archaeological examinations of human skeletons can provide us with evidence of violence. In this paper, we present the patterns of two cranial lesions found on an adult male (T173) buried in a grave in the necropolis 'Isolato 96', Messina, Sicily, dating back to the Roman Empire (1st century BC -1st century AD). The skull reveals two perimortem traumatic lesions, one produced by a sharp object on the right parietal bone and the other one on the left parietal bone, presumably the result of a fall. The interpretation of fracture patterns found in this cranium are an illustration of how forensic approaches can be applied with great benefit to archaeological specimens.
Introduction
During the research project 'From Zancle to Messana', which covered the history of Messina from its Greek foundations to Roman domination, archaeological explorations concentrated upon necropolis 'Isolato 96'. The excavations, supervised by the Sovrintendenza di Messina, which began in 1998 and were completed in 1999, have uncovered a wealth of archaeological finds. Stratigraphic information, together with the analysis of burial apparatus and funerary objects, have allowed the identification of different chronological stages which embrace an extensive period of time, from the Hellenistic era to Late Antiquity (4th century BC e 5th century AD). Especially during Roman Imperial period Messana seems to be characterized by strong social and institutional crises 1 and radical changes in the arrangement of space for burials. 2 Traditional sources for evidence of interpersonal violence and warfare in historical times are comprised documents and archaeological finds, including human remains. Usually, evidence of skeletal trauma cited in archaeological literature is primarily based on observations of the bone healing processes and remodeling, with little attention given to perimortem injuries. 3 Indeed, when a trauma pattern has been observed in either forensic or archaeological settings, the following step would be to evaluate the timing of this injury and its possible association with the cause and manner of death. 4 The cranium is often subjected to weapon-related trauma and injury patterns can be very complicated and difficult to evaluate. Moreover, cranial trauma can be caused by daily activities, as well as by all sorts of accidents.
5e7 Several recent studies have addressed type and position of cranial traumatic injuries in relation to episodes of violence.
8e18
This paper describes two cranial injuries observed in individual T173, which date to the Roman Empire (1st century BCe1st century AD), based on grave goods (Piriform Unguentarium) recovered in the grave. 2 For examining skeletal trauma we analyze the affected area according to the following traditional categories: fracture angle and outline, color and surface morphology.
19e21 Moreover, we applied 3D CT imaging to obtain additional features for distinguishing perimortem trauma and postmortem damage: preponderant texture, preponderant outline, relationship to the path of least resistance, signs of plastic response and the presence of hinging. 22 Indeed, non-invasive imaging techniques are of great value in forensic anthropology when applied to lesions with doubtful perimortem or postmortem features. 23 The cranial lesions in T173 do not appear to indicate postdepositional alterations. Our own anthropological examination of the skull suggest that the lesions are of traumatic nature and were inflicted perimortem: the first trauma on the right parietal bone was caused by a sharp object, while the second, on the left parietal bone, could be the consequence of a fall.
The aim of this study was to examine these lesions with regard to their possible etiology and to formulate a hypotheses about the events that led to their occurrence, to establish whether these were, in fact, the cause of death of individual T173.
Materials and methods
The skull, labeled T173, derives from a complete inhumation burial.
Age estimation was based on pubic symphyseal face morphology 24 ; metamorphosis at the sternal rib end 25 ; morphology of auricular surface of the ilium. 26 Sex was assigned via standard metric analysis of the pelvic bone traits. 27 The following measurements have been taken: PUM, SPU, DCOX, IIMT, ISMM, SCOX, SS, SA, SIS and VEAC. For the description of cranial fractures, we referred to the current criteria. 3,28e30 In addition, we performed a CT scanning of the skull, using a multi detector scanner General Electric LightSpeed VCT 64 Slice CT, gantry rotation time 0.6 s, slice thickness 0.6 mm, high-resolution protocol, integrated with MIP and VRT-3D reconstruction. Data were saved as Digital Imaging and Commutations in Medicine format bitmap files (DICOM), which were later converted into High Dynamic Range image format files through the use of the software AMIRA 5.0. 31, 32 Questions related to the weapon used were approached using techniques developed in forensic pathology and anthropology 
Results
The osteological parameters of the skeleton of individual T173 indicate a young adult (20e34 years).
All measurements detected from the T173 coxal bones unequivocally supported the assignation of male (with a 99.78% and 99.75% posterior probabilities, for left and right sides respectively).
The skull is almost complete and appears to be asymmetric, due to a light depression of the left parietal bone (Fig. 1) .
All mandibular teeth are present, except for the left M1 and M3 which were lost postmortem; the maxillary central incisors, the right lateral incisor, the right P4 and M1 were lost antemortem, while right P3 was lost postmortem.
On the external surface of the right parietal bone, near the coronal suture, an oval-shaped lesion is present bounded above by the temporal lines: the minor diameter measures 11 mm (a), while the major diameter measures 21 mm (A). In this area there is a perforation (Fig. 2 ), shaped like a rectangular trapezoid, whit the following measurements: minor base (b) 3.93 mm, major base (B) 6.0 mm, oblique side (l) 5.55 mm, while the height (h) measures 11 mm (Fig. 3) . The perforation is delimited by bone fragments, introflexed but still attached to the surrounding bone and visible on the cerebral surface (Fig. 4 ). There are no signs of bony remodeling. On the endocranial surface the perforation affects some of the grooves of the right middle meningeal vessels. 
Discussion
Recognition and interpretation of bone trauma are essential components of bioarchaeology and forensic anthropology studies. 3 Skeletal injuries can be caused by either intentional or nonintentional events, and are interpreted as antemortem, perimortem or postmortem.
39e41
Perimortem injuries are those that occur at or near the time of death and are distinguished by an absence of any evidence of healing; the uniform presence of stain from water, soil, or vegetation on broken and adjacent bone surfaces; the presence of greenstick fractures, incomplete fractures, spiral fractures, and depressed and compressed fractures. 21, 30 Perimortem usually implies that the injury is directly associated with the cause of death.
20
Postmortem injuries are those that have occurred after death and tend to be characterized by smaller fragments, nonuniform coloration of the fracture ends and the adjacent bone surface, especially light-colored edges. 30 Postmortem modifications are usually related to environmental factors, animal scavenging and anthropic activities.
42,43
The lesion on right parietal of T173, judging by its characteristics, does not appear to have been caused by postmortem factors. One can infer that the lesion is the perimortem effect of a sharp object, probably wielded at high velocity. 30 This projectile struck the head of T173 from left to right and from top to bottom, with an angle of 45 when compared to a horizontal plane, causing a fracture ( Fig. 7) and then piercing the bone. The trajectory of the projectile crosses some of the grooves of the right middle meningeal artery and veins (Fig. 8) . It is known that a transection of the middle meningeal vessels causes an epidural hematoma, often a fatal condition with the build up of blood trapped between the endocranial surface and the dura mater, in the 'Marchant Zone', i.e., the area from which the dura mater is readily detached. 44 Because of the location of the middle meningeal vessels, the blood mass typically lies over the lateral hemisphere (temporal and/or parietal lobes).
Since the epidural hematoma is under pressure, it typically continues to grow unless evacuated. Classically, cranial trauma are associated with concussion and loss of consciousness; the individual may wake up after a lucid interval, only to lose consciousness again from brain stem distortion as a result of increased intracranial pressure. If the bleeding is very severe, there is no lucid interval. The individual has no time to awake from the concussion before compressive brain stem deterioration begins. 45 Technically, the epidural hematoma could have been the cause of death of T173.
The pathological consequences of penetrating head wounds depend on the circumstances of the injury, including the properties of the weapon or missile, the energy of the impact, and the location and characteristics of the intracranial trajectory.
46e48 Following the primary injury or impact, secondary injuries may develop. 49, 50 Secondary injury mechanisms are defined as pathological processes (traumatic and neurological) that occur after the time of the injury and adversely affect the ability of the brain to recover from the primary insult. Cranial computed tomography scanning (Fig. 9 ) clearly demonstrate the presence of splinter bone attached to the fracture margins confirming that the lesion was made on 'fresh' bone, 21 and excludes the possibility that the lesion was caused a long time after death on dry bone by taphonomic factors. The characteristics and position of the lesion on the right parietal, the absence of a bony reaction on the margins of the perforation, and the presence of internal bevelling, all seem to indicate a perimortem trauma, occurring immediately before death (possibly the cause of death) or immediately after death. In addition, the use of reconstructed 3D CT imaging allowed us to examine the endocranial surface without jeopardizing the integrity of the sample. For the lesion described in the right parietal bone we observed the presence of plastic response and hinging (Fig. 10a) , typically associated with perimortem fractures. This result is consistent with the findings of macroscopic visual analysis.
The cause of the various fracture patterns lies in the changing biomechanical properties of the bone after death. 30 Fresh or living bone contains fluid-filled vessels, grease and collagen fibers, which make it significantly more pliable and more resistant to tensile forces than dry bone. In consequence, fresh bones are likely to splinter with fragments tending to remain attached to one another, and with fractures producing irregular edges. After the death, on the other hand, the bone becomes harder and more brittle with time, and as a result shatters into small, more regular fragments. 35, 54 However, the bones retain 'fresh' properties for a considerable time after death. 21, 55, 56 Therefore caution should be exercised when determining the timing of fractures. There are some analytical methods for studying the timing of a bone fracture of the postcranial skeleton, 57, 58 but no reference is available for the skull. In any case, the timing of injuries can be determined in a probabilistic manner. 4 The lesion on the left parietal bone shows a pattern characteristic of a blunt force trauma, with radiating fracture lines from the point where the skull was struck. 59 The 3D CT reconstruction of the cranium reveals a smooth preponderant texture and a regular outline (Fig. 10b) . The lines of the fracture that radiate from the point of impact are not associated with plastic deformation of the skull and were probably produced at the same time as the trauma. The features of the left parietal injury indicate that they were caused by a fall or a blow.
Distinguishing between falls and blows in blunt head trauma is a common and difficult problem in both forensic anthropology and bioarchaeology studies. lacerations. In the present study, we used the definition proposed previously by Kremer et al.
5
: HBL corresponds to the area located between two lines parallel to a line inspired by the Frankfort horizontal plane (horizontal plane passing through right and left portion and the left orbitale), with the superior margin passing through the glabella (G line) and the inferior margin passing through the center of the external auditory meatus (EAM line).
We could hypothesize that T173 was first struck on the right parietal bone by a sharp object with high kinetic energy. Taking into account the form of the injury and angle of the impact, an arrow is the object most likely to have caused this lesion. 66 After this impact, T173 fell on the opposite side, hitting his head against a hard surface, thus suffering the fracture on the left parietal bone. Despite the severity of this wound, it cannot be assumed to be the cause of death. 67, 68 Nevertheless, this trauma could have caused a concussive cerebral lesion. Concussion is a state of diffuse cerebral dysfunction related to a shearing effect. Rapid displacement of the head, in either acceleration or deceleration injuries, causes a swirling of the cerebrum within the cranium and shearing forces play most markedly at the junctions between brain tissues of different densities.
The pattern of the cranial trauma on the right parietal bone of T173 has been observed in numerous other osteological samples from the Mediterranean area dating back to the Roman period. 38, 69 The association between Roman Imperial expansion and high levels of interpersonal violence has been documented. 70, 71 
Conclusion
The analysis of the morphological characteristics of the lesions on the skull of T173, lead us to conclude that they were produced at or near the time of death; moreover, we can formulate a hypotheses about the manner in which they were inflicted.
We suggest that the lesion described in the right parietal bone was the result of an impact by a projectile, probably an arrowhead, which struck the individual from left and top; the trajectory crosses some of the grooves of the middle meningeal vessels and this resulted in a fatal intracranial hemorrhage. It is also plausible that the fragments of inner table, resulting from the impact, provoked a tearing of the vessels.
The fracture on the left parietal bone is a possible consequence of a fall, following the arrowhead trauma on the right side.
The application of bone fracture physics used by forensic experts, in particular physics related to sharp weapons and blunt trauma, could be of great benefit to archaeological interpretations of trauma. Unfortunately, the 'crime scene' in the archaeological context cannot be correctly evaluated because of the absence of the weapon and other records related to the circumstances of the individual's death. Also, in the forensic field elements may be missing which prevent an accurate reconstruction of the events leading up to the subject's death.
It is not possible to identify, with certainty, the weapon used to cause the lesion in T173, whether it be an arrow, as we suggest, or some other type of sharp object. However, there were only a few types of offensive sharp tools commonly used in the 1st century. This report enables us to supplement existing literature on similar cases, from which, only a broad comparison can lead to more certain interpretations.
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